Background and Purpose-Differences in definitions of socioeconomic status and between study designs hinder their comparability across countries. We aimed to analyze the correlation between 3 widely used macrosocioeconomic status indicators and clinical outcomes. Methods-We selected population-based studies reporting incident stroke risk and/or 30-day case-fatality according to prespecified criteria. We used 3 macrosocioeconomic status indicators that are consistently defined by international agencies: per capita gross domestic product adjusted for purchasing power parity, total health expenditures per capita at purchasing power parity, and unemployment rate. We examined the correlation of each macrosocioeconomic status indicator with incident risk of stroke, 30-day case-fatality, proportion of hemorrhagic strokes, and age at stroke onset. Results-Twenty-three articles comprising 30 population-based studies fulfilled the eligibility criteria. Age-adjusted incident risk of stroke using the standardized World Health Organization World population was associated to lower per capita gross domestic product adjusted for purchasing power parity (ϭϪ0.661, Pϭ0.027, R 2 ϭ0.32) and total health expenditures per capita at purchasing power parity (ϭϪ0.623, Pϭ0.040, R 2 ϭ0.26). Thirty-day case-fatality rates and proportion of hemorrhagic strokes were also related to lower per capita gross domestic product adjusted for purchasing power parity and total health expenditures per capita at purchasing power parity. Moreover, stroke occurred at a younger age in populations with low per capita gross domestic product adjusted for purchasing power parity and total health expenditures per capita at purchasing power parity. There was no correlation between unemployment rates and outcome measures. Conclusions-Lower per capita gross domestic product adjusted for purchasing power parity and total health expenditures per capita at purchasing power parity were associated with higher incident risk of stroke, higher case-fatality, a greater proportion of hemorrhagic strokes, and lower age at stroke onset. As a result, these macrosocioeconomic status indicators may be used as proxy measures of quality of primary prevention and acute care and considered as important factors for developing strategies aimed at improving worldwide stroke care. (Stroke. 2012;43:170-177.)
t the population level, the incident risk of stroke and its consequences (eg, mortality) are considered the interactive result of ethnic, genetic, environmental, socioeconomic, and quality of care-related factors. Low socioeconomic status (SES) is associated with health inequalities in terms of access to care, increased incident risk of cardiovascular diseases, and early death. Relatively few studies have investigated the relation between SES and stroke at the population level. [1] [2] [3] SES is a multidimensional concept comprising various indicators interacting over a lifespan. Commonly used SES measurements are educational level, employment, income, and possessions. However, each individual factor measures different components and provides dissimilar information about SES; thus, they are not transferable by having distinct associations and implications. The selection of SES indicators is frequently influenced by availability of data, which may constitute a limitation for comparing their impact on stroke incidence and outcome across different countries. 1 If associated with stroke incidence and outcomes, the identification of widely used and consistently measured macroindicators of SES would be useful for defining health policies and targeting public health interventions worldwide.
The aim of our study was to analyze the association of per-capita gross domestic product (GDP), total health expenditures, and unemployment rate with incident risk of stroke, 30-day case-fatality, proportion of primary intracerebral hemorrhages, and age at stroke onset in population-based studies.
Methods

Search Strategy
We conducted a systematic review of the literature to identify population-based studies reporting the incident risk of first-ever stroke (any type) and/or 30-day case-fatality. We searched Medline, Scopus, EMBASE, and PubMed for articles published between 2000 and 2011 using similar terms as proposed by Feigin et al: "stroke," "cerebrovascular," "population-based," "community-based," "community," "epidemiology," "epidemiological," "incidence," "attack rates," "survey," "surveillance," "registry," "register," "mortality," "morbidity," "fatality," "case fatality," or "trends." 4 Two investigators (L.A.S. and G.S.) independently screened all titles and abstracts to identify potentially relevant articles. Discrepancies were resolved by consensus. For those articles reporting studies performed in Ͼ1 population, we considered each population individually. Similarly, for studies reporting data on the same population but from different recruitment periods, we considered each period independently, because macroindicators of SES may have changed over time.
Eligibility Criteria
For all potentially relevant articles, full-text articles were retrieved, and data were extracted if they met the following criteria: (1) articles published in English; (2) reporting first-ever stroke incidence or 30-day case fatality; (3) age-standardized using either the World Health Organization (WHO) World population or the European population; (4) recruitment period between 2000 and 2010; (5) prospective data collection over whole years; and (6) populationbased studies including participants aged Ն18 years (with no upper age limit). We decided not to include studies reported before the Year 2000 because of the significant improvements in cardiovascular prevention and treatment interventions experienced during the last decade. 5, 6 Population-based studies reporting only 1 pathological type of stroke (eg, ischemic stroke) were excluded from the analysis. Our analyses of stroke incidence and 30-day case-fatality rates were restricted to incident stroke cases.
Data Elements
We recorded age, percentage of males, proportion of different stroke types, rate of hospitalizations, and proportion of cases undergoing neuroimaging studies, when available. On the basis of neuroimaging and autopsy findings, strokes were classified into 4 types: ischemic stroke, primary intracerebral hemorrhage, subarachnoid hemorrhage, and undefined.
Macroindicators of SES: Definitions
We used per-capita GDP adjusted for purchasing power parity expressed in 2005 constant international dollars (PPP-aGDP), total health expenditures per capita at purchasing power parity expressed in National Current Unit per US dollars (PPP-aTHE), and unemployment rate as macroindicators of SES. PPP-aGDP is the most commonly used indicator of economic wealth. 7 An international dollar has the same purchasing power over GDP as the US dollar has in the United States. We used this indicator with the intention of avoiding the potential bias of monetary exchange rates between countries. PPP-aGDP, obtained from the World Bank Web site, 7 was expressed in 2005 constant international dollars with the aim of neutralizing the effect of inflation when comparing studies from different years.
PPP-aTHE is the sum of general government health expenditure and private health expenditure in a given year. This indicator reflects a country's true investment in health irrespective of its PPP-aGDP. The source for the PPP-aTHE was the WHO Web site. 8 According to the International Labor Organization, unemployment rate was defined as the quotient resulting from dividing the total number of unemployed people by the corresponding economically active population. 9 Unemployment rates were obtained from the International Labor Organization's Key Indicators of the Labor Market Web site. 9 We analyzed the unemployment rate of the country where each study was performed. For this purpose, we used the specific unemployment rates for the years when cases were recorded. For studies lasting Ն1 year, we calculated the average unemployment rate for the whole recruitment period.
Outcome Measures
The primary outcome was incident risk of stroke. For this purpose, we used first-ever stroke incidence rates per 100 000 individuals age-standardized for the WHO World population with corresponding 95% CIs. Similarly, we used first-ever stroke incidence agestandardized for the European population for a sensitivity analysis. Secondary outcome measures included 30-day case-fatality, the proportion of primary intracerebral hemorrhages, and age at stroke onset.
Statistical Analysis
Two-tailed Spearman test and scatterplots were used to examine the correlation of each macroindicator of SES with outcome measures. The level of significance was set at PϽ0.05.
We also analyzed the correlation between the proportion of PPP-aGDP allocated to total health expenditures and the annual average PPP-aGDP during the study period for the 22 countries participating in the study. The purpose of this analysis was to determine if the investment on health among less developed countries was lower in both absolute and relative terms.
Analyses were performed with SPSS 13.0 (SPSS Inc, Chicago, IL).
Results
We identified 48 potentially relevant manuscripts reporting stroke incidence and/or 30-day case-fatality rates in 58 populations ( Figure 1 ). We excluded 25 articles reporting data on 28 cities/regions for not meeting the eligibility criteria (Supplemental Table I ; http://stroke.ahajournals.org). Finally, 23 articles comprising population-based studies done in 30 populations were available for the analysis (Table 1) . Data on age-standardized incident stroke risk for the WHO World and European populations, 30-day case-fatality rates, proportion of primary intracerebral hemorrhages, and age at stroke onset was available from 11, 13, 26, 28, and 30 populations, respectively (Tables 2 and 3 ). 
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Populations with lower PPP-aGDP showed a higher incident risk of stroke, standardized for the WHO World population (ϭϪ0.661, Pϭ0.027, R 2 ϭ0.32; Table 3 ; Figure 2A ); higher 30-day case-fatality rates (ϭϪ0.713, PϽ0.001, R 2 ϭ0.43; Table 3 ; Figure 2B ); a greater proportion of intracerebral hemorrhages (ϭϪ0.689, PϽ0.001, R 2 ϭ0.43; Table 3 ; Figure 2C ); and lower age at stroke onset (ϭ0.622, PϽ0.001, R 2 ϭ0.47; Table 3 ; Figure 2D ). Similarly, populations with lower PPP-aTHE had a higher incident risk of stroke standardized for the WHO World population (ϭϪ0.623, Pϭ0.040, R 2 ϭ0.26; Table 3 ; Figure 3A ); higher 30-day case-fatality rates (ϭϪ0.701, PϽ0.001, R 2 ϭ0.45; Table 3 ; Figure 3B ); a greater proportion of intracerebral hemorrhages (ϭϪ0.643, PϽ0.001, R 2 ϭ0.32; Figure 3D ). The sensitivity analysis of incident stroke risk standardized for the European population also showed a significant correlation with PPP-aGDP (ϭϪ0.553, Pϭ0.050, R 2 ϭ0.33) and PPP-aTHE (ϭϪ0.587, Pϭ0.035, R 2 ϭ0.29). Similar results were obtained by only including studies of European populations (Supplemental Data). We found no correlations between unemployment rate and outcome measures (Table 3) .
Finally, we found a significant correlation between the proportion of PPP-aGDP allocated to total health expenditures and the average annual PPP-aGDP (ϭ0.651, Pϭ0.001, R 2 ϭ0.50; Supplemental Figure I ) for the 22 countries participating in the study, suggesting that the investment on health among less developed countries was lower both in absolute and relative terms.
Discussion
PPP-aGDP, PPP-aTHE, and unemployment rate are the most common macroeconomic indicators of a country's standard of living and public health policies. 33 Despite the worldwide use of these indicators, to the best of our knowledge, there are no studies particularly assessing their association with the incident risk of stroke and outcomes at the population level.
In a systematic review, Feigin et al analyzed population studies reporting on the incidence/prevalence of stroke in different countries. 4 The results were then divided according to the country's socioeconomic level (low to middle to high income). However, no economic indicators were included. In the present systematic review of population-based studies, we analyzed the correlation of PPP-aGDP, PPP-aTHE, and unemployment rate with standardized risk of incident stroke, 30-day case-fatality rates, proportion of primary intracerebral hemorrhages, and age at stroke onset. PPPaGDP was associated with incident risk of stroke, 30-day case-fatality, and proportion of primary intracerebral hemorrhages. These results were consistent when the analysis was standardized for the European population (sensitivity analysis). Interestingly, stroke onset occurred at younger ages in countries with lower per-capita PPP-aGDP. Similarly, the study of Feigin et al found higher first-ever stroke incidence, greater early mortality rates, and a larger proportion of hemorrhagic strokes among lower to middle-income countries when compared with higher income nations. 4 A recent study also showed a higher burden of stroke in lower income countries. 34 PPP-aTHE was also associated with higher incident risk of stroke, higher 30-day case-fatality, a greater proportion of 
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primary intracerebral hemorrhages, and lower age at stroke onset. These findings expose the potential consequences of low investment on health on the burden of cerebrovascular disease irrespective of PPP-aGDP. Moreover, we found that the investment on health in less developed countries was lower not only in absolute, but also in relative terms. This means that poorer countries allocate a lower proportion of their economic resources to health when compared with more developed nations. Together, these results (stroke onset at younger age with a higher incident risk of hemorrhagic stroke) may suggest poorer control of vascular risk factors, especially arterial hypertension, in populations with a low GDP. 34 Finally, we found no association between unemployment rate and any of the outcome measures. This finding is not surprising, because the information on the association between unemployment and stroke is scarce and perhaps has marginal impact. 35 There are several possible explanations for the association of PPP-aGDP and PPP-aTHE with higher stroke incidence and case-fatality. GDP is used to analyze how economies evolve worldwide, because its variations are rapidly identified. PPP-aGDP is a better indicator of wealth, because it compensates for differences of local currencies. The burden of cardiovascular diseases is higher in lower-income countries 4 where health expenditures are smaller in absolute (lower PPP-aGDP) and relative terms (lower proportion of PPP-aGDP allocated to total health expenditures) as shown in our analysis. Concurrently, vascular diseases cause significant reductions in GDP, 36 suggesting a reciprocal relationship. For example, vascular risk factors are more prevalent and access to medical care is more limited in poorer economies. 37 As a consequence and according to WHO estimates, China will lose $558 billion between 2006 and 2015 in its expected national income due to the combination of heart disease, stroke, and diabetes. 36 Some limitations and strengths should be considered. First, we acknowledge the ecological nature of our study. However, ecological studies can answer important questions that cannot be addressed by other study designs (eg, randomized clinical trials). 38 Second, the PPP-aGDP for a given country may not be representative of the particular population or the city where a study was done. Moreover, significant differences in PPP-aGDP can be found within a country. However, we attempted to use PPP-aGDP, PPP-aTHE, and unemployment rates for the studied populations. Third, because PPP-aGDP does not consider the "black market" and ignores unpaid work, it might be subject to inaccurate estimations, especially in lower-income countries. Nevertheless, our results would have underestimated the true relationship between PPP-aGDP 
and the incident risk of stroke and case-fatality. Fourth, our study did not include unpublished data or studies that we might have involuntary omitted. Despite the aforementioned limitations, our study is novel in the sense that it assessed the relationship among 3 widely used macroindicators of SES (ie, adjusted GDP, total health expenditures, and unemployment) and several outcome measures, including the proportion of hemorrhagic strokes and age at stroke onset. Moreover, the results of our study are consistent not only with respect to the association between these macroindicators of SES and the outcome measures, but also with the results of other recent studies. 4, 34 Together, these findings provide evidence for a better understanding of the relationship between macroindicators of SES and stroke burden at the population level. These results may also serve to generate hypotheses for identifying and answering relevant questions in health policy that otherwise would not be identified due to the impracticality of using alternative study designs (eg, randomized controlled trials).
In conclusion, lower PPP-aGDP and PPP-aTHE were associated with onset of cerebrovascular disease at younger age, a higher proportion of intracerebral hemorrhages, and a higher incident risk of stroke and mortality. These macroindicators of SES could be used for estimating measures of quality of care in primary prevention (eg, incidence) and access to acute stroke care (eg, 30-day mortality) among different countries. Furthermore, PPP-aGDP and PPP-aTHE should be taken into account when implementing strategies aimed at improving worldwide stroke care, particularly in developing or low-to middle-income countries.
SUPPLEMENTAL MATERIAL
Gross Domestic Product and Health Expenditure Associated with Incidence, 30-Day Fatality and Age at Stroke Onset: A Systematic Review
This supplemental file includes:
1.
Results of a sensitivity analysis done for the 17 European populations included in the study. Table 1 . Excluded studies and reasons for exclusion.
2.
3.
Results of a sensitivity analysis incorporating a Study from Japan (includes Table 2 ). 
References
Sensitivity Analyses
A sensitivity analysis restricted to the 17 European populations included in the study showed the following correlations between PPP-aGDP and incidence risk of stroke adjusted for the European 
Results of a sensitivity analysis incorporating Takashima Study
As there were no studies from Japan meeting the eligibility criteria (e.g. age-standardized stroke incidence for WHO or European populations), 1-6 we elected to complete a sensitivity analysis by including the Takashima Study. 7 For this purpose, we incorporated the stroke incidence rates standardized for the Japanese population reported by the authors in the group of studies standardized for the European Population. As shown in Table 2 , the sensitivity analysis did not significantly change the results, thus confirming our previous findings. retrospective data collection or not recorded over whole years. F: not population-based or limited to hospital admissions. G: limits for the age of the population studied (other than ≥18 years). H: not reporting overall stroke data (e.g. reporting adjusted stroke incidence rates but stratified by sex, stroke subtypes or ethnic groups). I: door-to-door capture. J: limited to only one stroke type (e.g. ischemic or Spearman's ρ: Spearman's rank correlation coefficient. PPP-aGDP: per capita gross domestic product adjusted for purchasing power parity in 2005 constant international dollars. R 2 : effect size. * Standardized for the European Population. PPP-aTHE: total health expenditures per capita at purchasing power parity (National Current Unit per US dollars). 
